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A I R  C O O L E R  FOR H Y P E R S O N I C  W I N D  TUNNELS 

Ye. N .  Bogdanov, A.  U .  Lipets and V .  Ye. Chekalin 

ABSTRACT. A pa ten t  has  been issued f o r  an a i r  cooler  f o r  
hypersonic w i n d  tunnels  cons is t ing  of an ou te r  housing, heat 
lens e q u a l i z e r s ,  a water intake and output  system, a n d  a 
water cooling e l e m e n t  made of metal p i p e s  arranged p a r a l l e l  
t o  t h e  flow. Eff ic iency  and r e l i a b i l i t y  a r e  increased by 
welding t h e  in take  s i d e  of t he  cool ing element t o  the 
d i f fuse r -ou tpu t  s ec t ion  of t he  w i n d  t u n n e l ,  and w e l d i n g  the  
o u t p u t  s ec t ion  of t he  a i r  cooling element across  t h e  pre- 
s t r e s s e d  ( s t r e t ched)  equa l i ze r  t o  t h e  a i r  c o o l e r ' s  ou te r  
housing; t he  output  f lange  of the d i f f u s e r  i s  welded across  
the  lens equa l i ze r  pa r t  of t he  a i r  cooler  housing wi thou t -  
p re s t r e s s ing  the equa l i ze r .  Overheating of t h e  ou te r  pa r t  
of t h e  d i f f u s e r  i s  decreased by feeding water i n  d i s c r e t e ,  
p ressure  driven streams t h r o u g h  an i n j e c t o r  p ipe l ine .  

A i r  t ube  h e a t  exchangers f o r  cool ing of gases with high i n i t i a l  temper- 
a t u r e ,  u s ing  long i tud ina l  d i s t r i b u t i o n  of t h e  tubes fastened i n t o  tube banks 
conta in ing  hea t  compensators and a system f o r  supplying cool ing water  a r e  
a l ready  known. 

I n  o rde r  t o  inc rease  the  e f f ec t iveness  of cool ing of  t h e  stream and t o  
i n c r e a s e  t h e  r e l i a b i l i t y  of  opera t ion  of t h e  a i r  coo le r ,  t h e  input  s i d e  of t h e  
a i r  cool ing  element i n  t h e  a i r  cooler  i s  welded t o  t h e  output  p o r t i o n  of t h e  
d i f f u s e r  of  t h e  wind tunne l ,  while  i ts  output s i d e  is  welded through a pre-  
s t r e s s e d  ( s t r e t c h e d )  compensator t o  t h e  outer  body of t h e  a i r  coo le r .  The 
input  f l a n g e  of t he  d i f f u s e r  i s  welded through a l ens  shaped compensator t o  t h e  
e x t e r n a l  body of t he  a i r  cooler  without p r e s t r e s s i n g  of t he  compensator. 

Also, i n  o rde r  t o  reduce overheating of  t he  o u t e r  po r t ion  of t he  output  
s e c t o r  of t h e  d i f f u s e r ,  a p ipe  with i n j e c t o r s  i s  i n s t a l l e d  beneath i t s  lower 
s u r f a c e ,  through which water  i s  fed  i n  the form of d i s c r e t e  streams under 
p re s su re .  

The drawing shows a long i tud ina l  cross s e c t i o n  of t h e  a i r  coo le r  suggested,  
as we l l  as a c ross  s e c t i o n  through A-A. 

, The c y l i n d r i c a l  ou te r  body ( l ) ,  welded up of shee t  carbon s t e e l  and r e i n -  
forced  i n t e r n a l l y  with r i b s ,  has an ex te rna l  movable mount (2), which suppor ts  
t h e  weight of t he  e n t i r e  s t r u c t u r e  p lus  water. Body (1) c a r r i e s  f langes  (3)  f o r  
attachment of t h e  cool ing water l i n e s ,  f langes (4) f o r  s ludge drainage,  
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f l anges  (5) f o r  water drainage,  two mounting p o r t s  (6) and lugs (7) beneath t h e  

con t ro l l ed  by i n d i c a t o r  (8).  
e x t e r n a l  body has  an a t t ached  c y l i n d r i c a l  s e c t o r .  

I guide key. The l e v e l  o f  t h e  water placed i n t o  body (1) f o r  cool ing is  
I n  o r d e r  t o  create a vapor space volume, t h e  

. The i n t e r n a l  body (9) i s  welded up of i n d i v i d u a l  p a r t s  and c o n s i s t s  of t h e  
output s e c t o r  of  t he  supersonic  d i f f u s e r  ( l o ) ,  h e a t  chamber (11) and s t e e l  
tubes (121, which are welded i z t o  t h e  forward tube bank (13) and t h e  rear tube 
bank (14).  
a p i p e l i n e  with i n j e c t o r s  (15) through which water i s  f ed  i n  t h e  form o f  
ind iv idua l  streams under p re s su re ,  i s  fastened below t h e  d i f f u s e r  a t  t h e  o u t e r  
su r f ace .  Body (9) has  f i x e d  mounts (16) i n  t h e  s e c t o r  around t h e  h e a t e r  
chamber (ll),  and movable mounts (17) a t  t h e  end of  t h e  tubes (12) i n  t h e  
c y l i n d r i c a l  s e c t o r .  In  o rde r  t o  compensate f o r  thermal expansion of  t h e  
s t r u c t u r e  o f  t h e  i n t e r n a l  body and tubing, two l e n s  shaped compensators (18) a r e  
connected along the  length of t h e  a i r  cooler .  
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In o rde r  t o  avoid overheating of  t h e  lower po r t ion  of t h e  d i f f u s e r ,  

The vapor which does no t  condense t o  water passes  through a p e r t u r e  (19) i n  
body (1) and e x i t s  i n t o  tube (20).  

The excess cooling water passes  through drainage tube (21). 12 \ 
Tubes (12) are loca ted  and welded i n t o  t h e  tube  banks i n  a manner similar 

t o  t h e  tubes  i n  a steam generat ing b o i l e r .  However, i n  t h i s  design during 
hea t ing  t h e  tubes are n o t  subjected t o  compression, bu t  r a t h e r  t o  extension due 
t o  t h e  placement of t h e  p r e l i m i n a r i l y  s t r e t c h e d  l ens  shaped compensator (18), 
which i s  s t r e t c h e d  be fo re  it is  welded t o  t h e  o u t e r  body. 
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1. An a i r  coo le r  f o r  hypersonic wind t u n n e l s  containing an e x t e r n a l  body, 
l e n s  shaped h e a t  compensators, a system f o r  supply and drainage of water and an 
a i r  coo l ing  element, made up of metal tubes o r i e n t e d  along t h e  d i r e c t i o n  of 
flow, t h e  ends o f  which are f a s t ened  i n t o  tube banks, d i f f e r i n g  i n  t h a t  i n  o rde r  
t o  i n c r e a s e  t h e  e f f e c t i v e n e s s  o f  cool ing of t h e  flow and inc rease  t h e  re l i -  
a b i l i t y  o f  t h e  ope ra t ion  of t h e  a i r  cooler ,  t h e  i n t a k e  s i d e  of  t he  a i r  coo l ing  
element is  welded t o  t h e  output  po r t ion  o f  t h e  wind tunnel  d i f f u s e r ,  while t h e  
output  s i d e  o f  t h e  a i r  cool ing element i s  welded t o  a p r e s t r e s s e d  ( s t r e t ched)  
compensator t o  t h e  o u t e r  body o f  t h e  a i r  cooler ,  and t h e  in t ake  f l ange  of  t h e  
d i f f u s e r  is  welded through a l e n s  shaped compensator t o  t h e  ou te r  body 
of  t h e  a i r  coo le r  without p r e s t r e s s i n g  of t h e  compensator. 

2 .  A i r  coo le r  according t o  claim 1, d i f f e r i n g  i n  t h a t ,  i n  o rde r  t o  
decrease overheat ing of t h e  e x t e r n a l  po r t ion  o f  t h e  output s e c t o r  of t h e  
d i f f u s e r ,  a p ipe  with i n j e c t o r s  i s  i n s t a l l e d  beneath t h e  lower su r face  of  t h e  
d i f f u s e r ,  and water i s  f e d  i n  i n  t h e  form of  d i s c r e t e  streams under p re s su re .  
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